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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a light source
device provided with a laser light source, and a projector
device which is a projection type image display device
provided with such a light source device.

Description of the Background Art

[0002] Recently, asalightsource used in alarge-sized
high brightness projector device for a large hall or a digital
cinema, in intermediate-sized or small-sized projector
device mainly used for a conference or presentation with
a small number of participants, in a projection monitor
which incorporates a projection optical system and a
large-sized screen in a house or the like, a light source
which uses a semiconductor light source such as an LED
or a laser diode has been popularly available as com-
mercial products, and various proposals have been made
concerning such a semiconductor light source. These
devices can acquire the following advantageous effects
by using the semiconductor light source in place of a
lamp which has been conventionally used as a light
source for many projector devices and projection moni-
tors. One advantage is that these devices have a broader
color reproduction range. Another advantage is that
these devices can be turned on instantaneously. Still an-
other advantage is that these devices consume a small
amount of electricity. Still another advantage is that these
devices have a long lifetime.

[0003] Particularly, a laser light source which uses a
laser diode also has an advantage that the acquisition of
higher brightness and higher output can be realized by
overlapping beams. Accordingly, as one application of a
large-sized high brightness projector device used for pro-
jection on a large screen, the development of the light
source device provided with a large number of laser light
source modules has been in progress.

[0004] Inthislightsource device, anamountof exhaust
heat from laser light source modules is increased in pro-
portion to the increase in the number of the laser light
source modules. In a large-sized high brightness projec-
tor device with several tens of thousands of lumen class,
an amount of exhaust heat from the laser light source
module reaches a several thousand W level. Cooling by
a conventional air cooling method using a heat sink or a
heat pipe unit has a significant drawback that the device
becomes large-sized since it is necessary to expand a
heat radiation area. Such cooling by the conventional air
coolingmethod also has a serious drawback that a blower
generates noise in acquiring a large amount of air supply.
[0005] It has been also known that a laser light source
exhibits higher efficiency as a temperature of a light emit-
ting partis lowered and hence, the laser light source can
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acquire higher outputand a longer lifetime in such a case.
On the other hand, the laser light source has a charac-
teristic that a wavelength of the emitted light and laser
output change corresponding to a change in a tempera-
ture of the light emitting part and hence, it is necessary
to provide appropriate cooling which conforms to the
specification of the light emitting part.

[0006] As means for solving to perform low-tempera-
ture cooling to acquire higher outputting of the laser light
source, a cooling method which uses a Peltier element
has been proposed. Further, it is desirable to adopt a
cooling method which further increases heat radiation
efficiency by directly or indirectly using a refrigerating cy-
cle using a vapor compression refrigerating machine.
[0007] Insuch a cooling method, it is possible to main-
tain a temperature of a cooling part which is an object to
be cooled at a room temperature or below. Convention-
ally, to prevent the generation of dew condensation water
in the inside of a device during an operation, attempts
have been made to maintain the temperature of the cool-
ing part at a dew point or above. However, the increase
in a light emission efficiency brought about by lowering
the temperature of a light emitting part of the laser light
source leads to the acquisition of long lifetime of the light
source, the increase in reliability of the light source, the
reduction in the number of modules and the suppression
of an amount of exhaust heat and hence, the adoption
of the cooling method which lowers the temperature of
the cooling part equal to or below a dew point and a coun-
ter measure to prevent the generation of dew condensa-
tion water have been considered as important tasks to
be developed.

[0008] For example, a technique described in Japa-
nese Patent Application Laid-Open No. 2009-86269 is
the invention relating to temperature adjustment means
for laser elements arranged in an array. Japanese Patent
Application Laid-Open No. 2009-86269 discloses a tech-
niqgue where a heat receiving plate on which the laser
elements are arranged is directly brought into contact
with a freezing circuit for cooling the laser elements.
[0009] For example, a technique described in Japa-
nese Patent Application Laid-Open No. 2009-86273 is
the invention for protecting a laser element array from
being affected by dew condensation water. Japanese
Patent Application Laid-Open No. 2009-86273 discloses
a technique where outside air is shut off by forming a
synthetic resin layer on a portion where the laser element
array is arranged.

[0010] For example, a technique described in Japa-
nese Patent Application Laid-Open No. 2006-253274 is
the invention relating to a cooling structure of a semicon-
ductor element such as an LED or a laser diode which
uses a Peltier element. Japanese Patent Application
Laid-Open No. 2006-253274 discloses the technique
where dew condensation water is prevented by forming
a sealed space on a side where the LED and the Peltier
element are cooled in cooling the semiconductor element
at a temperature equal to or below an outside air tem-
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perature.

[0011] However, the device described in Japanese
Patent Application Laid-Open No. 2009-86269 takes no
countermeasure against dew condensation water and
hence, the device has a problem that a defect attributed
to dew condensation water may arise. Further, in the de-
vice described in Japanese Patent Application Laid-
Open No. 2009-86273, the synthetic resin layer formed
at the portion where the laser element array is arranged
is also cooled initself and hence, the device has a prob-
lem that dew condensation water is generated on a sur-
face of the synthetic resin layer or a problem that it is
necessary to increase a thickness of the synthetic resin
layer to increase heat insulation property of the synthetic
resin layer so that a manufacturing cost is pushed up.
[0012] The device described in Japanese Patent Ap-
plication Laid-Open No. 2006-253274 has a problem that
a complicated structure becomes necessary for forming
a sealed space on a cooling side of the Peltier element,
and the Peltier elements, the number of which is equal
to the number of light source modules, are necessary for
cooling a large number of light source modules corre-
sponding to a large output and hence, a cost of parts is
increased. Further, there exists a possibility that reliability
of the degree of closing is lowered caused by an error in
assembling a sealed space or a slow leakage from the
sealed space.

SUMMARY OF THE INVENTION

[0013] Itis an object of the presentinvention to provide
a light source device and a projector device which can
prevent a defect attributed to dew condensation water
generated at the time of cooling a laser light source mod-
ule, and which can be manufactured at a low cost.
[0014] A light source device according to the present
invention includes: a laser light source module; a pipe
through which a cooling refrigerant flows; a heat block
which thermally joins the laser light source module and
the pipe to each other; and a vessel which is arranged
below the heat block and receives dew condensation wa-
ter which is generated on a surface of the heat block by
condensation and drops. The vessel has an opening por-
tion which opens upward. A plan view profile of the open-
ing portion is larger than a plan view profile of the heat
block.

[0015] The projector device according to the present
invention includes: a light source device; an image light
generating part which generates an image light by spa-
tially modulating a laser beam emitted from the light
source device; and a projection optical system which
projects the image light.

[0016] Thelaserlightsource moduleisthermally joined
to the pipe through the heat block. That is, the laser light
source module is thermally brought into contact with a
cooling refrigerant which flows through the pipe. When
a temperature of a cooling refrigerant is lower than an
ambient temperature around the light source device, a
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temperature of a joint portion between the laser light
source module and the heat block is increased due to
heat generated from the laser light source module. How-
ever, the transaction of heat is small on surfaces of por-
tions of the heat block other than the joint portion. Ac-
cordingly, surface temperatures of the portions of the
heat block other than the joint portion are lowered to a
temperature substantially equal to a temperature of the
cooling refrigerant.

[0017] When a temperature of a cooling refrigerant is
lower than an ambient temperature in the inside of the
light source device, surface temperatures of the portions
of the heat block other than the joint portion are lowered
to a temperature substantially equal to a temperature of
the cooling refrigerant, and dew condensation water is
generated on a surface ofthe heat block when the surface
temperatures become lower than a dew point tempera-
ture.

[0018] The vessel provided with an opening portion
having a plan view profile larger than a plan view profile
of the heat block is arranged below the heat block and
hence, when dew condensation water is generated on
the surface of the heat block and the dew condensation
water drops, it is possible to receive the dew condensa-
tion water by the vessel. Accordingly, it is possible to
prevent a defect attributed to dew condensation water in
the inside of the light source device. Further, the coun-
termeasure against dew condensation water can be tak-
en by providing the vessel which receives dew conden-
sation water and hence, it is unnecessary for the light
source device to have the complicated structure whereby
a manufacturing cost of the light source device can be
lowered.

[0019] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a perspective view showing a constitution
of an essential part of a laser light source device
according to a first preferred embodiment;

FIG. 2 is a view showing a constitution of a projector
device according to the first preferred embodiment;
FIG. 3 is a cross-sectional view of an essential part
of a laser light source device according to a second
preferred embodiment;

FIG. 4 is a cross-sectional view of an essential part
of a laser light source device according to a third
preferred embodiment; and

FIG.5is a view showing a constitution of a laser light
source device according to a fourth preferred em-
bodiment.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS
<First preferred embodiment>

[0021] A first preferred embodiment of the present in-
ventionis described hereinafter by reference to drawings.
FIG. 1 is a perspective view showing a constitution of an
essential part of a laser light source device 90 according
to the first preferred embodiment.

[0022] AsshowninFIG. 1,the laserlightsource device
90 (light source device) includes: a plurality of laser light
source modules 10; a pipe 20; a plurality of heat blocks
30; a holding member 40; and a vessel 50. The pipe 20
is a member through which a cooling refrigerant is made
to flow.

[0023] The plurality of heat blocks 30 are members
which are provided for thermally joining several sets of
laser light source modules 10 which are formed by divid-
ing the plurality of laser light source modules 10 and the
pipe 20 to each other respectively. The plurality of heat
blocks 30 are arranged on an upper surface of the holding
member 40 (to be more specific, a center portion of the
holding member 40 in the width direction) linearly in the
horizontal direction with a predetermined gap G there-
between, and the pipe 20 is made to penetrate the plu-
rality of heat blocks 30. The plurality of laser light source
modules 10 divided into the respective sets are joined to
upper surfaces of the respective heat blocks 30 respec-
tively. In this manner, the plurality of laser light source
modules 10 and the pipe 20 are thermally joined to each
other so that the laser light source modules 10 are cooled
by a cooling refrigerant which flows in the inside of the
pipe 20.

[0024] An electric circuit board 60 is fixed to a side
surface of the heat block 30 corresponding to each laser
light source module 10 such that the electric circuit board
60 projects sideward from the heat block 30. The laser
light source module 10 is electrically connected to the
electric circuit board 60 through an electric terminal por-
tion 12. When electricity is supplied to the laser light
source module 10 from the electric circuit board 60
through the electric terminal portion 12, the laser light
source module 10 emits a laser beam. The emitted laser
beam is guided to an optical fiber 14 through an optical
system unit 13.

[0025] The holding member 40 is formed into a plate
shape, and has a plan view profile larger than a plan view
profile of the plurality of heat blocks 30. The holding mem-
ber 40 plays a role of determining the relative arrange-
ment of the plurality of heat blocks 30 and, at the same
time, plays a role of maintaining rigidity of these heat
blocks 30 by receiving weights of these heat blocks 30.
[0026] Thevessel50hasan openingportion 50a which
opens upward, and is arranged below the heat blocks 30
and the holding member 40. A plan view profile of the
opening portion 50a is set larger than a plan view profile
of the holding member 40. That is, the plan view profile
of the opening portion 50a is larger than the plan view
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profile of the plurality of heat blocks 30. Mounting portions
50b which project toward the inside of the vessel 50 are
provided on upper end portions of the vessel 50, and
edge portions of the holding member 40 are brought into
contact with the mounting portions 50b. By fixing the hold-
ing member 40 and the vessel 50 to each other using
bolts 41 in a state where the edge portions of the holding
member 40 are positioned at the mounting portions 50b
of the vessel 50 (see FIG. 4), the vessel 50 holds the
holding member 40 from below. A gap which allows dew
condensation water to pass therethrough is formed be-
tween an outer peripheral portion of the holding member
40 and an upper end portion of the vessel 50. Although
a constitution shown in FIG. 4 is described in a third pre-
ferred embodiment described later, the structure for fixing
the holding member 40 and the vessel 50 to each other
in the third preferred embodiment is equal to the structure
for fixing the holding member 40 and the vessel 50 to
each other in the first preferred embodiment.

[0027] Next, a projector device 91 provided with the
laser light source device 90 is described. FIG. 2 is a view
showing a constitution of the projector device 91 accord-
ing to the first preferred embodiment.

[0028] As shown in FIG. 2, the projector device 91 in-
cludes the laser light source device 90 and a projector
body part 92. In this preferred embodiment, the laser light
source modules 10 include green laser light source mod-
ules 10a which emit a green laser beam, red laser light
source modules 10b which emit a red laser beam, and
blue laser light source modules 10c which emit a blue
laser beam. In the description made hereinafter, the re-
spective modules of these three primary colors are col-
lectively referred to as the laser light source modules 10.
[0029] The laser light source device 90 further in-
cludes: a housing 90a; laser light source drive circuit
boards 61 a, 61b, and 61c which drive the laser light
source modules 10 of respective colors; a power source
circuit board 62; and a control circuit board 63. The laser
light source drive circuit boards 61 a, 61b, and 61c, the
power source circuit board 62 and the control circuit
board 63 are arranged below the vessel 50. The above-
described respective members which constitute the laser
light source device 90 are arranged in the inside of the
housing 90a.

[0030] The projector body part 92 includes an image
light generating part 93 and a projection optical system
94. The laser light source modules 10 of the laser light
source device 90 and the projector body part 92 are con-
nected to each other using optical fibers 14, an optical
fiber collecting portion 14a and an optical fiber merged
wire 14b.

[0031] Laser beams emitted from the respective laser
light source modules 10 are outputted to the projector
body part 92 through the optical fibers 14 connected to
the respective laser light source modules 10, the optical
fiber collecting portion 14a and the optical fiber merged
wire 14b. The image light generating part 93 generates
an image light by spatially modulating the laser beams
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outputted from the laser light source device 90. The pro-
jection optical system 94 projects the image light gener-
ated by the image light generating part 93 to the outside.
[0032] The laser light source device 90 further in-
cludes, in the inside of the housing 90a: a compressor
21; a condenser 22; and an expansion valve 23 which
are connected to the pipe 20 in a ring shape and form a
refrigerant circuit. The laser light source device 90 further
includes a fan 24 for supplying air to the condenser 22.
A cooling refrigerant of high temperature and high pres-
sure compressed by the compressor 21 which consti-
tutes a vapor compressor is subjected to a heat exchange
between the condenser 22 and outside air which is ven-
tilated by an action of the fan 24 so that a temperature
ofthe cooling refrigerantis lowered thus becoming a cool-
ing refrigerant of low temperature and high pressure. At
the same time, condensation heat of the refrigerant is
discharged to the outside of the housing 90a by the fan
24,

[0033] Next, the cooling refrigerant takes away evap-
oration latent heat at the time of passing through the pipe
20 thermally joined to the laser light source modules 10
after a pressure of the cooling refrigerant is reduced by
the expansion valve 23 so that the cooling refrigerant
becomes a cooling refrigerant of low temperature and
low pressure while absorbing heat. Due to this series of
operations, that is, a so-called heat pump operation, the
laser light source modules 10 continuously discharge
heat generated by the laser light source modules 10 per
se to the outside of the housing 90a thus maintaining a
temperature of the laser light source modules 10 at a
fixed temperature.

[0034] By the action of the refrigerant circuit, a temper-
ature of a refrigerant in the inside of the pipe 20 which is
thermally joined to the heat blocks 30 shown in FIG. 1 is
lowered to a temperature below an ambient temperature
around the heat blocks 30. A temperature at the joint
portions between the laser light source modules 10 and
the heat blocks 30 is increased due to heat generated
from the laser light source modules 10. However, the
transaction of heat is small on surfaces of portions of the
heat block 30 other than the joint portion and hence, sur-
face temperatures of the portions of the heat block 30
other than the joint portion are lowered to a temperature
substantially equal to a temperature of the cooling refrig-
erant. Dew condensation water is generated on the sur-
face of the heat block 30 when the reached surface tem-
perature becomes lower than a dew point of ambient air.
When outside air which contains vapor is continuously
supplied to the ambient air, a condensation state is main-
tained so that water droplets (dew condensation water)
generated on the surface of the heat block 30 are
merged/collected and, then, flow downward and drop due
to their own weights.

[0035] In the laser light source device 90 according to
the first preferred embodiment, the vessel 50 is arranged
below the heat blocks 30 and hence, itis possible to store
the generated dew condensation water without leakage
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of dew condensation water. Due to such a constitution,
there is no possibility that dew condensation water in-
trudes into the laser light source drive circuit boards 61
a, 61 b, and 61 c, the power source circuit board 62 and
the control circuit board 63 and hence, the short-circuiting
of these circuit boards can be prevented whereby the
safety of the laser light source device 90 can be en-
hanced.

[0036] Atthe same time, the water leakage to the out-
side of the laser light source device 90 can be also pre-
vented so thatitis possible to prevent facilities and assets
of a user from being wetted with water.

[0037] By lowering a temperature of the cooling refrig-
erant to a temperature equal to or below an ambient tem-
perature in the inside of the housing 903, it is possible to
maintain a temperature of the laser light source modules
10 at a lower temperature. A laser diode arranged in the
inside of the laser light source module 10 has a charac-
teristic that the lower a temperature of a light emitting
part of the laser diode, the longer a lifetime of the laser
diode becomes. Accordingly, the laser light source mod-
ule 10 can further enhance reliability in the laser light
source device 90.

[0038] The laser diode also has a characteristic that
electro-optical conversion efficiency is increased as the
temperature of the light emitting part is lowered. Accord-
ingly, by lowering atemperature of the cooling refrigerant,
an optical output of the laser light source device 90 to
the outside is increased. Eventually, it is also possible to
reduce the number of laser light source modules 10 nec-
essary for acquiring an optical output which the laser light
source device 90 requires and hence, a manufacturing
cost of the laser light source device 90 can be lowered.
[0039] As a material for forming the heat block 30, the
use of an aluminum alloy such as A1100 or A6063 is
considered. from a viewpoint of heat conductivity, a cost
and aweight, When the number of laser light source mod-
ules 10 is increased so that a length of the pipe 20 is
increased, a length of the heat block 30 is also increased.
However, by dividing the heat block 30 into a plurality of
heat blocks 30 as shownin FIG. 1, itis possible to acquire
an advantageous effect that the handling of the heat
blocks 30 is facilitated so that the assembling property
of the heat blocks 30 is enhanced. Further, in the case
where the laser light source modules 10 are manufac-
tured using an extrusion mold which requires the small
number of post-working steps to manufacture parts at a
low cost, itis possible to acquire an advantageous effect
that an error in size of the heat block 30 caused by warp-
ing or the like can be decreased by shortening the length
of the heat block 30.

[0040] Onthe other hand, in general, a case is consid-
ered where the pipe 20 is formed using a copper pipe
made of C1220 from a viewpoint of heat conductivity and
workability of a joint portion. Also in such a case where
a material for forming the pipe 20 and a material for form-
ing the heat block 30 differ from each other, by providing
a gap G between the heat blocks 30 arranged adjacent
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to each other, it is possible to avoid the collision of the
heat blocks 30 caused by the difference in thermal ex-
pansion ratio. That is, by providing the gap G between
the heat blocks 30, the generation of a stress at the joint
portion between the pipe 20 and the heat block 30 due
to a thermal strain can be avoided so that it is possible
to provide the highly reliable heat radiation structure
where the joint portion is not peeled off and a contact
failure does not occur even in a cycle where an operation
and a non-operation are repeated over a long period.
Accordingly, it is also possible to acquire an advanta-
geous effect that the reliability of the laser light source
modules 10 is enhanced.

[0041] As has been explained heretofore, in the laser
light source device 90 and the projector device 91 ac-
cording to the first preferred embodiment, the laser light
source modules 10 are thermally joined to the pipe 20
through the heat blocks 30. That is, the laser light source
modules 10 are thermally joined to a cooling refrigerant
which flows through the pipe 20. When a temperature of
a cooling refrigerant is lower than an ambient tempera-
ture around the pipe 20, although a temperature of the
joint portion between the laser light source module 10
and the heat block 30 is increased due to heat generated
from the laser light source module 10, the transaction of
heat is small on the surfaces of the portions of the heat
block 30 other than the joint portion. Accordingly, surface
temperatures of the portions of the heat block 30 other
than the joint portion are lowered to a temperature sub-
stantially equal to a temperature of the cooling refriger-
ant.

[0042] When a temperature of a cooling refrigerant is
lower than an ambient temperature in the inside of the
housing 90a of the laser light source device 90, surface
temperatures of the portions of the heat block 30 other
than the joint portion are lowered to a temperature sub-
stantially equal to a temperature of the cooling refriger-
ant, and dew condensation water is generated on the
surface of the heat block 30 when the surface tempera-
tures become lower than a dew point temperature.
[0043] By arranging the vessel 50 provided with the
opening portion 50a having the plan view profile larger
than the plan view profile of the heat block 30 below the
heat block 30, when dew condensation water is gener-
ated on the surface of the heat block 30 and the dew
condensation water drops, the vessel 50 can receive the
dew condensation water. Accordingly, in the inside of the
housing 90a of the laser light source device 90, it is pos-
sible to prevent a defect attributed to dew condensation
water. Further, the countermeasure against dew conden-
sation water can be taken by providing the vessel 50
which receives dew condensation water and hence, it is
unnecessary for the light source device to have the com-
plicated structure whereby a manufacturing cost of the
laser light source device 90 can be lowered.

[0044] The projector device 91 includes: the laser light
source device 90; the image light generating part 93
which generates an image light by spatially modulating
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a laser beam emitted from the laser light source device
90; and the projection optical system 94 which projects
an image light. Accordingly, a defect attributed to dew
condensation water can be prevented, and a manufac-
turing cost of the projector device 91 can be lowered.
[0045] The laser light source device 90 includes the
plurality of laser light source modules 10 and the plurality
of heat blocks 30, the plurality of heat blocks 30 respec-
tively thermally join respective sets of laser light source
modules 10 formed by dividing the plurality of laser light
source modules 10 and the pipe 20 to each other. The
laser light source device 90 further includes the holding
member 40 which fixes and holds the plurality of heat
blocks 30 thereon, and has a plan view profile larger than
a plan view profile of the plurality of heat blocks 30. Ac-
cordingly, the structure for holding the plurality of heat
blocks 30 can be simplified so that a manufacturing cost
of the laser light source device 90 can be lowered.
[0046] The vessel 50 is arranged below the holding
member 40, and the plan view profile of the opening por-
tion 50a is larger than a plan view profile of the holding
member 40. Accordingly, dew condensation water gen-
erated on the plurality of heat blocks 30 can be received
by the vessel 50 through the holding member 40. Due to
such a constitution, even when the laser light source 90
device includes the plurality of laser light source modules
10 and the plurality of heat blocks 30, a defect attributed
to dew condensation water in the inside of the housing
90a of the laser light source device 90 can be prevented
and, at the same time, a manufacturing cost of the laser
light source device 90 can be lowered.

[0047] The plurality of heat blocks 30 are arranged ad-
jacent to each other with a predetermined gap G there-
between. Accordingly, even when thermal strain is gen-
erated due to the difference in a thermal expansion ratio
between the pipe 20 and the heat block 30, a stress gen-
erated at the joint portion between the pipe 20 and the
heat block 30 is alleviated so that it is possible to prevent
the peeling and a contact failure of the joint portion after
the laser light source device 90 is repeatedly used over
along time. By prolonging a lifetime of the heat radiation
structure, temperatures of the laser light source modules
10 can be maintained at a fixed temperature and hence,
a reliability of the laser light source device 90 can be
enhanced.

[0048] The first preferred embodiment exemplifies the
optical transmission connection where the laser light
source device 90 is connected to the projector body part
92 which is a housing separate from the laser light source
device 90 using the optical fibers 14. However, the laser
light source device 90 and the projector body part 92 may
be arranged in the same housing. Further, the optical
transmission connection may be performed using a spa-
tial synthetic optical system.

[0049] Further, the first preferred embodiment exem-
plifies the constitution where cooling refrigerant which
change a phase by compression is made to directly flow
in the inside of the pipe 20 in the refrigerant circuit includ-
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ing the compressor 21 which is a vapor compressor.
However, it may be possible to adopt the constitution
where cold water is produced using a vapor compression
refrigerating machine, and the produced cold water is
made to flow in the inside of the pipe 20.

[0050] Thelaserlightsource device may be constituted
of one laser light source module 10. In such a case, one
laser light source module 10 is fixed to an upper surface
of one heat block 30. In this case, the holding member
40 can be omitted and hence, a plan view profile of the
opening portion 50a of the vessel 50 is set larger than a
plan view profile of the heat block 30. To be more specific,
it is sufficient that the opening portion 50a of the vessel
50 has a size that at least edge portions of the heat block
30 can be broughtinto contact with the mounting portions
50b of the vessel 50.

<Second preferred embodiment>

[0051] Next, a laser light source device 90A according
to a second preferred embodiment is described. FIG. 3
is a cross-sectional view of an essential part of the laser
light source device 90A according to the second pre-
ferred embodiment. In the second preferred embodi-
ment, constitutional elements identical with the corre-
sponding constitutional elements described in the first
preferred embodiment are given the same symbols, and
the explanation of such elements is omitted.

[0052] In the second preferred embodiment, a heat
block 30 is divided in two in the vertical direction. That
is, the heat block 30 is constituted of an upper portion
30a and a lower portion 30b. Further, a portion of a hold-
ing member 40 where the heat block 30 is arranged (that
is, a center portion of the holding member 40 in the width
direction) is formed into an inclined surface which is in-
clined such that one side of the holding member 40 in
the width direction is disposed at a higher position than
the other side of the holding member 40 in the width di-
rection. Accordingly, the heat block 30 and a laser light
source module 10 are arranged in an inclined manner,
and an electric terminal portion 12 is arranged above the
heat block 30.

[0053] A pipe20is sandwiched between the upper por-
tion 30a of the heat block 30 and the lower portion 30b
of the heat block 30, and a thermal bonding material 31
made of a solder, a silicone resin, an epoxy resin or the
like is filled in a space defined between the heat block
30 and the pipe 20.

[0054] The upper portion 30a of the heat block 30 and
the lower portion 30b of the heat block 30 are fixed to the
holding member 40 from below using bolts 41. An edge
portion of the holding member 40 which is positioned on
a lower side is bent upward, and an edge portion of the
holding member 40 which is positioned on an upper side
is bent downward. The holding member 40 and a vessel
50 are fixed to each other using the bolts 41 in a state
where the edge portions of the holding member 40 are
positioned oninner surfaces of side portions of the vessel
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50 so that the vessel 50 holds the holding member 40
from below.

[0055] The portion of the holding member 40 where
the heat block 30 is arranged is inclined such that the
electric terminal portion 12 is always arranged above the
heat block 30. Accordingly, when water droplets gener-
ated on a surface of the heat block 30 is dropped in the
direction of gravity, there is no possibility that the water
droplets pass the electric terminal portion 12 and hence,
the short-circuiting of the electric terminal portion 12 can
be prevented whereby the safety of the laser light source
device 90A can be increased.

[0056] Further, a mesh 81 is arranged at a peripheral
portion of a bottom portion of the vessel 50, and a des-
iccant 80 which contains silica gel as a main component
is arranged on an upper surface of the mesh 81.

[0057] As has been described above, in the laser light
source device 90A and a projector device 91 according
to the second preferred embodiment, the laser light
source device 90A further includes the electric terminal
portion 12 for supplying electricity to the laser light source
modules 10, and the electric terminal portion 12 is ar-
ranged above the heat block 30. Accordingly, it is possi-
ble to prevent water droplets generated on the surface
of the heat block 30 from dropping on the electric terminal
portion 12 so that the short-circuiting of the electric ter-
minal portion 12 can be prevented. Accordingly, the safe-
ty of the laser light source device 90A is increased.
[0058] The laser light source device 90A further in-
cludes the desiccant 80 arranged in the inside of the ves-
sel 50. Due to such arrangement of the desiccant 80, the
desiccant 80 absorbs vapor around the laser light source
module 10 and the heat block 30 so that relative humidity
can be suppressed to a low level thus lowering a dew
point whereby dew condensation water is minimally gen-
erated on the surface of the heat block 30 by condensa-
tion. Accordingly, a temperature of a cooling refrigerant
can be further lowered and hence, areliability of the laser
light source module 10 is enhanced and a manufacturing
cost can be lowered. The desiccant 80 may be replaced
with a dehumidifier which contains calcium carbonate or
calcium chloride as a main component. Also in such a
case, the substantially same advantageous effects can
be acquired.

<Third preferred embodiment>

[0059] Next, alaser light source device 90B according
to a third preferred embodiment is described. FIG. 4 is a
cross-sectional view of an essential part of the laser light
source device 90B according to the third preferred em-
bodiment. In the third preferred embodiment, constitu-
tional elements identical with the corresponding consti-
tutional elements described in the first preferred embod-
iment and the second preferred embodiment are given
the same symbols, and the explanation of such elements
is omitted.

[0060] Inthe third preferred embodiment, the laser light
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source device 90B includes a laser light source cluster
11 where a plurality of laser light source modules 10 are
arranged.

[0061] Thelaserlightsource cluster 11includes alaser
light source cluster base 15 on which the plurality of laser
light source modules 10 are arranged, and an optical
system unit 13. The laser light source cluster 11 con-
denses a plurality of emitted laser beams to the optical
fiber 14. By clustering the laser light source modules 10,
it is possible to reduce the number of optical fibers 14.
[0062] Further, the laser light source cluster base 15
is thermally joined to a heat block 30 so that temperatures
of the plurality of laser light source modules 10 are main-
tained at a fixed temperature. Groove portions 32 are
formed in the heat block 30 at peripheral portions of the
respective joint portions between the heat block 30 and
the laser light source modules 10 (that is, portions of the
heat block 30 above a pipe 20). To be more specific, an
electric circuit board 60 is arranged on a lower surface
of each laser light source module 10 by way of an electric
terminal portion 12, and each groove portion 32 is formed
in the heat block 30 at a position below the electric ter-
minal portion 12 in the vertical direction. In other words,
the electric terminal portions 12 are arranged above the
groove portions 32 in the vertical direction.

[0063] A holding member 40 is formed such that edge
portions of the holding member 40 in the width direction
are bentin an L shape respectively, and the edge portions
of the holding member 40 are arranged at positions high-
er than a center portion of the holding member 40 in the
width direction. In the same manner as the first preferred
embodiment, the holding member 40 and a vessel 50 are
fixed using bolts 41 such that the vessel 50 holds the
holding member 40 from below.

[0064] As described above, in the laser light source
device 90B and a projector device 91 according to the
third preferred embodiment, the laser light source device
90B further includes the electric terminal portions 12 for
supplying electricity to the laser light source modules 10,
the heat block 30 has the groove portions 32 formed in
the peripheral portions of the joint portions with the laser
light source modules 10, and the electric terminal por-
tions 12 are arranged above the groove portions 32. Due
to such a constitution, itis possible to prevent water drop-
lets generated on the surface of the heat block 30 from
dropping on the electric terminal portion 12 and hence,
the short-circuiting of the electric terminal portion 12 can
be prevented. Accordingly, the safety of the laser light
source device 90B can be enhanced.

[0065] Further, the groove portions 32 are formed in
the peripheral portions of the joint portions of the heat
block 30 with the plurality of laser light source modules
10 so that a distance between the laser light source mod-
ule 10 and the pipe 20 can be decreased. That is, a dis-
tance between the laser light source module 10 and the
cooling refrigerant can be decreased and hence, a ther-
mal resistance can be suppressed to alow level. By main-
taining a temperature of the laser light source modules
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10 at a lower temperature, a lifetime of the laser light
source module 10 can be prolonged so that a reliability
of the laser light source module 10 can be enhanced.
Further, the number of laser light source modules 10 can
be reduced and hence, a manufacturing cost of the laser
light source device 90B can be lowered.

<Fourth preferred embodiment>

[0066] Next, alaser light source device 90C according
to a fourth preferred embodiment is described. FIG. 5 is
a view showing a constitution of the laser light source
device 90C according to the fourth preferred embodi-
ment. In the fourth preferred embodiment, constitutional
elements identical with the corresponding constitutional
elements described in the first to third preferred embod-
iments are given the same symbols, and the explanation
of such elements is omitted.

[0067] Inthe fourth preferred embodiment, one end of
a drain pipe 51 is connected to a portion of a bottom
surface of a vessel 50. The other end of the drain pipe
51 is connected to a tank 52 arranged in the inside of a
housing 90a. The bottom surface of the vessel 50 is
formed in an inclined manner. To be more specific, the
bottom surface of the vessel 50 is inclined such that a
side of the bottom surface of the vessel 50 to which the
drain pipe 51 is connected becomes lower than the other
side of the bottom surface of the vessel 50. The bottom
surface of the vessel 50 is formed in an inclined manner
and hence, dew condensation water which drops in the
inside of the vessel 50 is stored in the tank 52 through
the drain pipe 51.

[0068] As has been described above, in the laser light
source device 90C and a projector device 91 described
in the fourth preferred embodiment, the laser light source
device 90C further includes the drain pipe 51 which is
connected to the vessel 50 and discharges dew conden-
sation water in the vessel 50 to the outside. Accordingly,
the dew condensation water received by the vessel 50
can be continuously discharged to the outside. Due to
such a constitution, it is unnecessary for a user to man-
ually discharge dew condensation water in the inside of
the vessel 50 periodically and hence, the maintenance
property of the laser light source device 90C is enhanced.
Further, itis unnecessary to store dew condensation wa-
ter in the inside of the vessel 50 and hence, it is possible
to reduce a volume of the vessel 50.

[0069] Further, the laser light source device 90C in-
cludes the tank 52 and hence, an amount of dew con-
densation water which can be stored in the inside of the
laser light source device 90C can be increased with the
simple structure. Further, an amount of waterin the inside
of the laser light source device 90C can be grasped and
discharged at the time of inspection and exchange per-
formed periodically and hence, maintenance property of
the laser light source device 90C is enhanced.

[0070] Thedrainpipe51maybeconnected todrainage
equipment arranged outside the housing 90a. By adopt-
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ing such a constitution, water-draining is continuously
performed and hence, maintenance of water-draining is
unnecessary whereby maintenance property of the laser
light source device 90C can be further enhanced.
[0071] Next, the industrial applicability of the present
invention is described. The laser light source devices 90,
90A, 90B, and 90C are effectively applicable to the case
where the laser light source devices 90, 90A, 90B, and
90C are used as laser light sources for a projector device
and hence, the laser light source devices 90, 90A, 90B,
and 90C are cooled to a temperature lower than an am-
bient temperature. The laser light source devices 90,
90A, 90B, and 90C are preferably applicable to an image
display device or the like which includes a semiconductor
element having a large heat value.

[0072] While the invention has been shown and de-
scribed in detail, the foregoing description is in all aspects
illustrative and not restrictive. It is therefore understood
that numerous modifications and variations can be de-
vised without departing from the scope of the invention.

Claims
1. Alight source device comprising:

a laser light source module (10);

a pipe (20) through which a cooling refrigerant
flows;

a heatblock (30) which thermally joins said laser
light source module (10) and said pipe (20) to
each other; and

a vessel (50) which is arranged below said heat
block (30) and receives dew condensation water
which is generated on a surface of said heat
block (30) by condensation and drops, wherein
said vessel (50) has an opening portion (50a)
which opens upward, and

a plan view profile of said opening portion (50a)
is larger than a plan view profile of said heat
block (30).

2. Thelight source device according to claim 1, further
comprising:

aplurality of said laser light source modules (10);
and

a plurality of said heat blocks (30), wherein
said plurality of heat blocks (30) respectively
thermally join respective sets of laser light
source modules (10) formed by dividing said plu-
rality of laser light source modules (10) and said
pipe (20) to each other,

said light source device further comprising

a holding member (40) which fixes and holds
said plurality of heat blocks (30) thereon, and
has a plan view profile larger than a plan view
profile of said plurality of heat blocks (30).
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The light source device according to claim 2, wherein
said vessel (50) is arranged below said holding mem-
ber (40), and

the plan view profile of said opening portion (50a) is
larger than the plan view profile of said holding mem-
ber (40).

The light source device according to any one of
claims 1 to 3, further comprising:

an electric terminal portion (12) for supplying
electricity to said laser light source module (10),
wherein said electric terminal portion (12) is ar-
ranged above said heat block (30).

The light source device according to any one of
claims 1 to 3, further comprising:

an electric terminal portion (12) for supplying
electricity to said laser light source module (10),
wherein said heat block (30) has a groove por-
tion (32) formed in a peripheral portion of a joint
portion with said laser light source module (10),
and

said electric terminal portion (12) is arranged
above said groove portion (32).

The light source device according to claim 2 or 3,
wherein

said plurality of heat blocks (30) are arranged adja-
cent to each other with a predetermined gap there-
between.

The light source device according to any one of
claims 1 to 5, further comprising:

adrain pipe (51) which is connected to said ves-
sel (50) and discharges dew condensation water
in said vessel (50) to an outside.

The light source device according to any one of
claims 1 to 5, further comprising:

a desiccant (80) arranged in an inside of said
vessel (50).

A projector device comprising:

said light source device (90, 90A, 90B, 90C) ac-
cording to any one of claims 1 to 8;

an image light generating part (93) which gen-
erates an image light by spatially modulating a
laser beam emitted from said light source device
(90, 90A, 90B, 90C); and

a projection optical system (94) which projects
said image light.
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